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FOREWORD
The infrared imagery (8-13 micron) and photography described in this
report were acquired by the NASA Convair 240 on Mission 8 in June 1965.
Ground data acquisition, conducted during May and October 1967, was aiméd
at determining the reasons for anomalous conditions revealed on the imagery;
this study was part of the Geologié Applications Program Task entitled

Ground Truth Investigations - NASA No., 160-75-01-4L-10.
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JLLUSTRATIONS
Figuare 1 - Index map showing major physiographic features and
approximate locations of areas described and
illustrated in this report.
Figure 2 -~ Generalized geologic map of study area.

Figure 3a - Pre~dawn infrared image - Caliente Range and Carrizo
: Plain. ‘

Figure 3b - Pre-dawn infrared image - Carrizo Plain, Elkhorn Plain,
: and Temblor Range.

Figure 3¢ -~ Pre-dawn infrared image - Temblor Range.

Figure la - Post-sunrise infrared image - Caliente Range and
Carrizo Plain.

Figure U4b - Post-sunrise infrared image - Carrizo Plain, Elkhorn Plain, and
Temblor Range.

Figure 4c - Post-sunrise infrared image - Temblor Range.

Figure 5

Small scale aerial photograph of Temblor Range southwest
of Fellows.



ILLUSTRATIONS (CONTINUED)

Flgure 6 - Radiation temperatures measured by Barnes IT-3 radiometer
at locality 13, Temblor Range, May 22-24, 1967. ’

Figure 7 = Pre-dawn infrared image of part of Carrizo Plain east of
Soda Lake.

Figure 8 - Pre-dawn infrared image near southeast end of Carrizo Plain.



Geologic Evaluation of Thermal Infrared Imagery,
Caliente and Temblor Ranges, Southern California
by
Edwafd W. Wolfe
U.S. Geological Survey
345 Middlefield Read, Menlo Park, Calif. --
ABSTRACT
Thermal infrared (8 to 13 micfon) imagery was obtained in the Calien&e
and Temblor Ranges and Carrizo Plain, southern California, in the pre-
dawn and post-sunrise hours of June 18, 1965. Field observations; msasure-
ments of moisture and specific gravity of the regolith, and radiaticn
temperatures; and comparison with geologic maps and aerial photographs lead
to the foliowing conclusions:
(1) The specific gravities of surficial materials (usually not

A

bedrock) influence tonal densities in the pre-dawn imagery.

[

D..

(2) CGeologic interpretation of tonazl density patterns is camplica

e

by topographic, atmospheric, and vegetative effects on pre-dawn radiation.

jos

(3) Geologic features such as outcrop patterns and some faults are
recognizable in the infrared imagery as well as in aerial photograpis.
The sensitivity of the system to microclimatic anomalies may be valuable

in aiding recognition of some geologic features with subtle topo

———

expression.

ugzzstad to bes causad
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(&) Local radiative anomalies, previously

by the occurrence of ground water at shallow depths, may be caused bs
P > t 2 Py
night-time cntrapment of cold air in poorly drainmed, tepographically

low areas.

[
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(5) Post-sunrise imagery is dominated by the preferential warming
of slopes exposed to the early morming sun and resembles low sun angle
photographs.
Introduction
‘ Thermal infrgred imagery, recording radiation from 8 to 13 microuns
in wavelength, was flown by NASA on June 18, 1965 in the Carrizo Plain
of southern California. A line apprcximately normal to the regional

geologic structure was selected for detailed analysis and is shown in

»figure 1. Localities at which supplemental observations were made are

Figure 1 near here

also shown in figure 1. A préliminary.report on imagery frem the Carrizo
Plain was made by Wallace and Moxham (1966, i967). A published geologic
map by Vedder and Repenﬁing (1965) was extensively used in the Caliente
Range, and unpublished maps by both T. W. Dibblee and J. G. Vedder were
used to eva;uate the imagery in the Temblor Range.

Figure 2 is a generalized geologic map of the area in which imagery

Figure 2 near here

was studied in detail. The stratigraphic nomenclature used on the map

and in this report is that of Dibblee (1962).
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In the image area the Caliente and Temblor Ranges are underlain by
steeply dipping clastic rocks of late Tertiary age. In addition, 3 basalt
flows occur within the Caliente Range sequence. The Caliente and Temblor
Ranges in the image area are largely mantled by soil or debris derived
from the underlying strata, and extensive outcreps of bare bedrock are

Te ' .
rare.
Imagery

The infrared images (figures 3 and 4) are line-scan displays of the

Figures 3, 4, and 5 near here

areal distribution of radiation intensities in the 8 to 13 microm wave-
length band. Areas of intense radiation are relatively light in tone;

those of relatively weak radiation are dark in tone in the images.

.
L)

Radiaéioﬁ intensity wvaries directly with emiésivity and with the fourth’
power of absolute surface temperature, Curvature near the image margins
is a distortion inherent in the scanning technique.

Figure 3 is an image made shortly before dawn (0506-0510 PDT) so
th;t the effects of differential solar heating related to slope orienta-
tion are minimized. Figure 4 is an image made shdrtly after sunrise
{0635-0638). 1In this imaze surfaces warmed by the sun appear relatively
b?ight much as they would in early morning photographs. Figgre.S, an

aerial photograph of the northeastern part of the imaged strip, was taken

from about 35,000 feet on a midsummer day.



Figure 3a. Pre-dawn infrared image - Caliente Range

and Carrizo Plain. See Figure 1 for location.



gure 4a. Post-sunrise infrared image - Caliente Range

d Carrizo Plain. See Figure 1 for locaticn,
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Figure 4b. Post-sunrise infrared image - Carrizo Plain,

Zlkhorn Plain, and Temblor Range. See Figure 1



image - Temblor Range.

Ffigure 3c. Pre-dawn infrared

See Figure 1 for location.

&



Figure Lce Post-sunrise infrared image - Temblor Range.

See Figure 1 for location.
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Ia ouder to facilitabe o mivh , ool
are numbered on the pre-dawn and post-sunvise images {figuves 3 and 3)

11 as on the aerial ohotograph ([izure 3). The aanotations fabulated

as we
Unless specifically noted otherwise, the aunotatiouns reifer to the pre-
dawn image (figure 3).

(1) Subparallel white lines coincide at least in part with local
strike ridges on which bare san&stone beds and basalt flows are exposed.
Pebbly texture is chapparal.

(2) White line coincides with sharp break in slope at the outer
edge of a terrace mantled by old alluvium.

(3) Flat to slightly concave remndnts~of an old alluviated surface
appear dark as do portions of nearby stream canyons.

(4) White line coincides with strike ridge on which the uppermost
of Fhree basalt flows forms a bold outcrop of bare rock.

(5) Same strike ridge as 2, but here, where the white line is in-
distinct, the basalt is mantled by soil and rubble.

(6) White line corresponds to barc outcrop of hard, light-colored
mudstone to sandy mudstone. Adjacent bedrock mantled by soil.

(7) Dark band corresponds to the oultcrop of the Quatal Formation,

a mudstone consisting largely of expanding clav in contact with sandstones

of the Caliente and Morales Formation:s.
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(8) Small dark patches correspond to outcrops of reddish-brown

expanding clay in Moz

0

les Formation. The bordering materials giving
brighter tones are sandy soils developed on the Morales Formation and
deposits of sandy and gravelly alluvium that veneer all but the smzll

areas represented by the dark spots.

(9) Low hill underlain-by claystone, sandstones, and conglouwerate of
the Mcrales Formation; bounded by broad aliuviated areas. In post-sunrise
imagery the hill is more distinctly outlined because of preferential heating
of slopes exposed to the sun.

(10) Small hill, a few feet high, relatively bright, lies within a
"dark region that corresponds approximately with the lowest part of the‘

Carrizo Plain in the image area.. Images show agricultural fie}d patterns
éﬁd fan Eatterns where ‘intermittent streams debouch onto the broad
alluviated. Carrizo ?lain. Because the Carrizo Plain is nearly flat, ﬁhere-
is alhost no preferential solar heating, and the post-sunrise image closely
resembles the pre-davn image.

(11) Dark spots represent accumulations of tumblewsed against a

fenice at the northeast edge of the Carrizo Plain.

{12) Northwest-treanding trench along recently active trace of San
Andreas fault. Well drained guliy bottoms, including the trench along
the fault and the fine gullies forming a filigres -pattern cn low ridge
southwest of the fault, appear bright.

(13) Two elongate hills underlain by Bitterwatsr Cresk Shale orojsct
through the alluvial apron that underlies the Elkhovn Plain at thes foot of
the Temblor Range. Bitterwater Creek Shale dark in ingery but bright

in aerial photograph.



(14) Bitterwater Creek Shale in contact to northeast with very coarse
conglomerate of the Santa Mafgarita Formation. Conglomerste and alluvial
apron that bounds it on the southwest are bright and contrast sharply with
darkly imaged Bitterwater Creek Shale. Note that in aerial photograph the
contact bétween Santa Mﬁrgarita conglomerate and alluvium is readily apparent.

(15) Outerops of downfolded Bitterwater Creek Shale dark; bright
in aerial photoéraph. Geologic map (figure 2)‘portrays distribution
of sandstone and shale mapped together as Bitterwater Creek Shale. Imagery
and aerial phbtograph, on the other hand, display shale facies in sharp
contrast to surrounding rocks whether théy be Santa Margarita Formation,

a sanastgne facies of the Bitterwater Creek, or the alluvium of the
Elkhorn Plain.

(16) Shérp radiation contact coincides with a fault separating
Mbpterey Shale to the northéast from Santa Margarita conglomerate and
a sandstone mapped with the Bitterwater Créek Shale. The conglomerate
~and the Bitterwater Creek sandstone, insepareble in the imagery as well
as in the aerial photoéraph, contrast sharply with the Monterey Shale,
whigh is dark in the pre-dawn image and light in the aerial photograph.

(17) Broad dark band occurs in an area underlain by Monterey Shale,
shale and sandstone of the Temblor or Vagueros Formation, and a sandstone
unit at the base of the Santa Margarita Formation. Within the band, -
shale is the predominant Iithology.

(18) Contact between Monterey Shale (dark in image, light in aerial
photograph) and overlying Santa Margarifa Formation (light in image,

dark in aerial photograph).
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(19) Radiation boundzry at northwestern limit of comglomerate facies

(B '

(light in image) of the Santa Margarita Formation within the image area.
Farther northwest within the image area the Santa Margavita Formatioa
consists predominantly of friable sandstone (dark in imsge) with rare
granitic or metamorphic boulders. Conglomerate -facies darker in aerial
photograph than sandstoune facies.

(20) Sharp radiation boundéry coincides with crest of Temblor Rauge.
rImmediately northeast of the range crest Santa Margarita conglomerate,

gMedia Shale, and the Temblor or Vaqueros Formations all appear bright.

Most of tha slope for about a milé and a half northeast of the range

crest in. the image area iIs underlain by grass- covered Monterey Shale

colluvium that appears relatively bright.
(21) Dark band coincides with prominent, steep, scuthwest-facing

slope nearly devoid of vegetation. It is underlain in part by diatomita
¢
mapped by Dibblee as Reef Ridge Formation (figure 2) and in part by

Monterey Shale.

(22) Sharp radiation contact between Reef Ridge diatomite (dark in

image, bright in aerial photograph) and overlying Santa Margarita ccuglomera

ht in image, dark in aerial thotograpih).

"(23) Small dark spots coincide with windows in gravel colluviun,
——- through which Reef Ridge diatemite is exposed in the Fellows oil field.

(24) Dark band coincides with steep, barren, southwest-facing
on which Reef Ridge diatcmite 15 exposad. Santa Margavits conglomerate
southwest of the diatomitz apnd gravels of the Tulare Formation northea

of the diatomite 2ppear bright. Near the ncrthcast end of the image the

community of Fellows

(1}
(0
i
s}
A
W
(o]
o]
[

ade formad younger alluvial deposits.



Intensity of pre-dawn infraved radiation in the Temblor Range is
apparently related in part to slope orientation. North-facing slopes
tend to be relativély origiit; south-facing slopes tend to be dark in the
pre-dawn imagery (figure 3). The largest topographic feature showing
this tendency is the crest of the Temblor Range. Near locality 20 a well

defined radiative boundary separates similgr lithologic types at the range
crest, The northeast flank of the range is relatively bright, the southwest
"flank relatively dark. A few other exaﬁples of this tendency, denoted by
letters in figures 3, 4, and 5, are listed below:

a. steep north-northeast-facing hill in Monterey Shale bright in

pre-dawn imaéery (figure 3); strikinély warmed by early morning

sun (figure 4).

b. hill underlain by basal sandstone of Santa Margarita Formation
dark on south s%de; bright on north side in figure 3.

c. gullied area just southwest.of range crest, southeast-facing
slopes dark.

d. three small ridge crests on northeast flank of range; all dark
on south side and bright oa north side in pre-dawn image.

e. steep northeast-facing canyon walls within dark band at locality
21 brighter than nearby southwest-facing slopes; all undarlain

by diatomaceous Monterey Shale.



Ground measurements

In an attempt to find systematic relationships between ground con-
ditions and tonal densities in the pre-dawn infrared image, radiation
temperature, specific gravity, and moisture data were collected late
in May 1967. According to Weather Bureau records, no' rain fell in the
area in May or June prior to IR flight on June 18, 1965. Rainfall in
April 1965 was approximately 2 inches both east of the area at Ma.ricopa;
and west of the area at Cuyama. In April 1967, 1.85 inches of rain fell
at Maricopa and 2.82 inches fell at Cuysma. During May 1967, 0.02 inches
fell a.t"both' éuyama and Maricopa aﬁproximately two weeks before the ground
data were collected. In épite of the slightly wetter weather in the spring
of 1967, the ground in late May in the area of figures 3, 4, and 5 seemed

thoroughly dry and grass cover was brown.
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Radiation temperatures were measured with a hand-held Barnes IT-3 radicmeic
over a period of two days and three nights from May 22 to 25 at two dif-
ferent sites near comtacts between Bitterwater Creek Shale and alluvium

(locality 13). 1Infrared radlatxon, the qugrtltv measured by the radiomster,

varies 2s emissivity and as the fourth power of the absolute temperature

W= e:GT4
W = total radiation per unit area (8-13 micren radiation
in this-case)
¢ = emissivity
: T_=.absolute temperature (on

o = a coastant

Emissivity of an object is the ratio of its emittance (radiaut 2nergy
emittad per unit area) to the emittance of a perfect radiator (blackbody)

at-the same temperature. Blackbodies exist in theory only; real substancas

have emissivities smaller than 1.. The radiomater measures emittance, but

indicates a tamperature scale based on an emissivity of 1. Becauss

'3 . .

natural materials have emissivities smaller than 1, radiation

(0
®
2
Lo
{\
]
o
T
P
i
[
N

are lower than true temperatures. In the temperature range in which this

study was made, a change cf .05 in emissivity for high emissivities produz=s
3 £ +%e ; ) - ;o :

a change of about 4 C in apparent temperature. Greazter distortion occurs

with low emissivitiss.
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Laboratory radiometer measurements of large samples of surficial

(cobbles and boqlders excluded), Mouterey Shale, Reef Ridge diatomite,
Quatal Formation, Morales Formation, and alluvium of the Elkhorn Plain
suggest that dﬁffereqces in radiant emittance aré not caused by emissivity
differences relaﬁed to the compositions of ,the soils. Radisztion
températures cf the samples, which stood'for’several weeks in a normally
heated room, were &ll within 1°¢ of each other, with a systematic variz-
ticn that was apparently related to position in the room rather than to
lithology. The apparent temperatures (near 72°F) approximate room

. -

temperature and suggest that all of the samples had high emissivities.
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Figure 6 displays radiation temperature data collected on typical

gfass-covered sandy alluvium aud.on barren soil developed on Bitterwater
Creek Shale. The same relationship, with Bitterwater Creck Shale appearing
colder both day and night, was later repeated at a second site. Radiation
from alluvium with relatively sparse grass cover and from Bitterwater

Creek Shale with sparse grass cover was intermediate betweeﬁ the ;xtremes
of barren Bitterwater Creek Shale and typically grassy alluvium both day
anﬁ night. Single boulders in the alluvium were slightly more radiant in
the pre-dawn hours than the deposits that included them, The radiometer
measuremants shéw that the radiation patterns recorded in the imagery

“are reproducible and éuggest that - physical pr;perties, such as specific,
gravity and moisture conteﬁt, that may éave affected radiance when the images

were made, were also effective in May 1967, when field observations were

made.

Figure 6 near here




Densities and moisture contents of representative surficial materials
wvere determined. ~Approximately 1,000 cc of soil from the uppermost two
inches were carefully collected and immediateiy weighed. Volume was
determined by filling the excavation with a measured quantity of sand,
and density was computed. Moisture content was determined by comparing
the sample weight after several days of &rying at 110%¢ with its welght
at the time of collection. Surficial materials developed omn sandy

alluvium, sandstone units, and on Santa Margarita conglomerate (cobbles

and boulders excluded frem measurements) range in density from about 1.3

to 1.5 and in moisture content from 1.6 to 2.8 per cent. Surface matzrials

representing shale units range in density from about 1.0 to 1.1, and their

£y

3

moisture contents. ranga from 5.3 to 8.4 per cent. The spacific grav
of diatomite surficial debris from the east side of the Temblor Ranges
(lbcality 18) is about 0,9. X-ray data show that much of the shale and
mudstone is montmorillonitic; the high moisture coutents may represent
water driven from the clay mineral structure bf heating rather than high
accumulations of pore water. In late May, soils in the area of figures

3, 4, and 5 looked and felt thoroughly dry.

13



Synthesis
Comparison of the pre~dawn image, the aerial photograph, and the
Ey o2 Op}
ground data suggest that intensity of pre-dawn radiance may be related
to specific gravity of soil, vegetative cover, reflectivity, slope orienta-

tion, and microclimatic effects as summarized below.

Low pre-dawn radiance High pre-daQH radiance

low specific gravity high specific gravity
(approx. 1.0) ' (approx. 1.3)

little or no grass cover .relatively thick grass cover

bright ir aerial photograph' ‘dark in éerial photograph
(high reflectivity) " (low reflectivity)

slope faces south slope faces north ™

entrapment of cold air

.-f>Soils developed on shale, mudstone, and diatomite have low specific
gravities (about 1.0) and ordinarily are dark in the pre-dawn image
(localities 7, 8, 13, 14, 15, 16, 17, 18, 21, 23, 24). The same soils
generally support little or no grass cover and reflect sunlight relatively
ingensely as shown by the aerial photograph. In contrast, soils develcped
on Santa Margarita conglomerate, most sandstone units, and sandy alluvium

have higher specific gravities (about 1.3) and tend to be bright in the

et

— pre-dawn image (localities 8, 14, 15, 16, 18, 22). They support more
vegetation than the shales and reflect legs sualight as shown bv their

darkness in the aerial phctograph. In addition, south-facing slopes tend

Fn

to be less radiant in the pre-dawm imagz than nqrth-facing slopes.  Hence,

D
157

the intensity of pre-dawn radiarce from any surface may be countrolled by

1LCTOC

4

ey

several factors. imatic effaects relatad to nocturnal demsity

8]

stratification of air apparaatly produce addicicnal local radiative

anomalies that are discussed later.



ih

Specific gravity.--Specific gravity of surficial material plays an

1

important role in determining its thermal irertiz, which is a measure of

resistance of its surface to temperature change.

]

Thermal inertia KpC

K = thermal couductivit;
o = specific gravity
C = specific heat

Surface materials with high thermal fneréia react slowly to external
temperztume changes an&, other factors being equal, should be warmer in
the pre-dawn hours than surficial materials Qith low thermal inertia.
Materials with high thermal conductivity transmit heat relatively
easily and change in surface temperature relatively slowly in respomnse to

a change in external temperature. Air, water, and solid rock increase in
thermal counductivity approximately in the ratic 1:25:20. EHence dry porous
material has relatively low thermal conduckivity ‘and the surface tempera-
ture changes q&ickly in response to external temperature changes. Sprcific
heat, a measure of heat input necessary to produce a given temperature
increase, is about five times as high for water as for air or mineral grains.

Insofar as an inverse relation exists between specific gravity and porosit
N o y 14

in the surficial materials of the image area, thermal conductivity, thermzal

=

~~.. inertia and, hence, pre-dawn radiznce incresse with specific gravity.
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In addition to the relationship previously noted between soil of low

sbecific-gravity and low pre—dawn radiance, the following observations
support the correlation between .specific gravity and pre-dawn radiance:

(1) Outcrops of bare bedrock (localities 1, 4, 6) with specific
gravities much higher than those of the éurrounding soils are displayed
in the imagery as bands of hig#_pre-dawn radiénce. It should be noted
that a similar band (locality 2) aéparently coincides only’with a sharp
bfeak in slope.

(2) As indicated by radiometer measurem@nts in the pre-dawn hours,
single boulders were slightly more radiant than‘the unconsolidated alluvium
that surrounded them.'

(3) Tumbleweed éiled along a fence at locality 11 forms a,surficial
material that, because of its extrenmely low specific gravity and high
porosity, has low therma} inertia and appears dark in the pre-davn image.

(4) Wallace and Mogham‘(l966, 1967) showed that unplowed fields in
some other Carrizo Plain images were brighter in the pre-dawn than plowed
fields. Plowing, by increasing the porcsity and lowering the specific

gravity of soil, lowers its thermal inertia.
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Grass cover and reflectivity.--Radiometer measurements (figure 6)

in late May showed that Bitterwater Creek Shale at loecality 13 was less
radiant than the adjacént alluviuﬁ.both day and night, an unlikely
situation if thermal inertia were the sole controlling influence. Perhaps
vegetative cover and (or) reflectivity influence radiance in one of the
following ways«

(1) Figure 6 shows radiometer measurements on typically barren shale
and on typically grass alluvium., Radiant temperatures on slightly grassy
shale and on alluvium;with relatively thin grass cover were intermediate
between the extremes shown in_figureA6.> Gates (1964, p. 576) states
that all plant surfaceg héve emissivities of 0:95 or grester and most
leaf emissivities are 0.97 to 0.98. It may be that the graés-covered
surfaces are slightly higher in emissivity than the barren surfaces.

Under the existing conditions an increase in emissivity of 0.05 would
prd&ﬁce a radiant température increase of about hoc, a teﬁperature

difference consistent with the radiometer results.



)
»,

(2) Possibly the Bitterwater Creek Shale, bright in the aerial
photograph, absorbs less heat then the éurrounding alluvium in the daytime
because of its relatively intense reflection of solar radiation. Else-
where in the study afea, scuth slopes underlain by shale tend to be
relatively barren and to reflect solar radiation more intensely than
adjacent areas underlain by sandstong, ccngiom&rate, and alluvium.

The barren shales; in addition to absérbing less energy from incoming
solar radiationm, may cool more—rapidly at night because of relatively
low thermal inertia. Probably thermal inertia, vegetative cover, and
reflectivity interact complexly in éontrolling pre-dawn radiance throughout

the image area.

Slope orientation.-~North slopes in the Temblor Range are mere radiant
in. the pre-dawn image than nearby south slopes underlain by similar lithologies.
In some places, vegetation is more lush on north slopes than on south ones,
but the relationship is not consistent., Untested hypotheses include the
. - - o}
possibility that slightly higher moisture content in soils on north
sloves may have caused slightly higher thermal inertia or that atmospheric

interference such as high clouds to the north at the time of the flight

could have impeded radiation to space from the north slopes.
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Microclimatic effects.--In addition to the influences of spec

gravity, vegetative cover, and slope orientation on image tonal densities,
microclimatic effects related to local topographic features apparently
influence pre-dawn ground temperatuve and cause radiative anomalies, Low
pre-dawn radiance at 1§calities 3 and 19 is attributed to nocturnal accumu-
lation of cold air én poorly drained ground surfaces, a éﬁénomenon exten-
sively documented by Geiger (1957). The diamond-shaped dark area at
locality 3 in figufe 3 is a flat surface, or possibly even a shallow
closed depression, partially enclosed by suffpunding hills. The surface
is underlain by old alluvium, which ié sandi and closely resembles in
both texture and vegetative cover other alluvial deposits that appear
bright in figure 3. The suggested inte;pretation of the diamond-shaped
area is that it represents an area in which cold air accumulates preferen-
.tiglly at night and the surface begéath the colder air becomes slightly
cooler than nearby surfaces. A similar inté;pretation is suggested at
locality 10, wﬂere the dark region in the image coincides approximately
with the lowest part of the valley floor in the image area. A snall hill

projecting through the colder air strata is slightly warmer and appears

brighter in figure 3.
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Gullies at locality 12 appear bright in pre~dawn image, and surface .

temperatures were no doubt warmer than on the adjacent interfluves. Although
they are local topegraphic lows, the gullies may be well drained relative

to air flow so that they do not permit development of the stagnation by
which a thick cold air layer accumulates.

The hypothesis that entrapment of cold air causes radiative anomalies
Was.documented in an effort to test the sugéestion that some dark anomalies
in pre-dawn imagery represent high soil moisture (Wallace and Moxham,

;19663 Sabins, 1967, p. T49). ‘Two areas cited by Wallace and Moxham as
’places where low radiation might reflect high soil moisture content were

-selected for study.

Figure 7 is a pre~dawn infrared image of a site located along the

. Figure T near here

San Aﬁdreas fault east of Soda Lake. The rectangular pattern is a network
of subdivision roads. A recently active trace of the San Andreas fault
is bounded on the southwest by a scarp, the crest of which is bright in
the image. The ground surface to the northeast slopes toward the scarp,
and the area represented by the dark band is the topographically lowest
area northeast of the scarp. Tumbleweed which has accumulated against the
scarp is imaged as a thin very dark band bounding the brigi scarp on the
northeast. In late May 1967, the grass was green and the soil visibly damp
in places at the foot of the scarp. Moisture measurements in late October
1967 showed 3 percent soil moisture at the top of the scarp and 7 percenﬁ at
- the base. Radiometer readings in late Cctober showed an apparent tempera=-

o o
ture of 8 C on the sczrp crest and 5 C at the base.
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Pre-davn air temperature was measuved at 1, 16, and 31 inches above
L J 2

pea

the ground at the scarp crest, scarp base, and in betweean. The data,
summarized in Table 1, show tha; at any point stratificaticn of the air
is strongly developed, and that the air becomes apuvreciably colder as one
moves down the scarp. The low arca is a trap for cold air, which lowers
the loéal.ground temperature. The high radiant temperature (SOC) &t

the base of the scarp may indicate that the relatively tall grass there

projected through the coldest air layers into the overlying warmesr air.

TABLE 1 near hefg




Table 1
Height abowve Top of
groundﬁinches. scarp
°c
31 9.5
16 9
1 7

Ground temp. by 8

radiometer

Middle of
scarp
°¢c

7.5

-
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Base of

scarp

Table l.--Air and ground temperatures measured along San Andreas fault

east of Soda Lake, October 25, 1967 - 4:30 a.m. Air temperatures

by thermometer; ground temparatures are radiation temperatures

1]
measured by Barnes 1IT-3 radiometer.
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Figure § is a pre-davn image of a second site near the scutheast

on the northwest and southeast by low gravel hills that are bright in

the image. The semi-circular bright feature overlapping .the southwast
flank of the dark triangular area is an alluvial fan. The flat bottom of
the depression and the suriounding hills appear extremely dry. Much of
the depression floor is barren of grass, and there are no visible signs
of moisture. Soil moisture measurements show 2 percent moisture at the
krest of one of the gravel hills and & gercegt on the flat surface balow,.
However, the flat surface is floorad by fine grained clay-rich sediment,
Qnd the élighily highaé moisture content can'péobably be accounted for as

water driven out of clay minerals by heasting. Pre-dawn temperature measuce-
f 4
ments showed well developed air stratification with air temperatures
, ,0
2 to 4°C lower at ground level on the flat than at ground level oa the low

gravel hills. The low flat area is poorly drained relative to air flow

and permits the accumulation of a layer of dense cold air.
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Measurements made by A. 0. Waananen and C. T. Snyder (U.npublished
data) indicate that pre-dawn evaporation of water in arid regio_ns is
vanishingly small and cast doubt on hypotheses that radiative anomalies
such as that in figure 8 reflect high soil moisture content. Evaporation
from an open water surface in a h-foot_ diameter evaporating pan Awas
measured continuously for séveral days in lhte July 1963. The pan was
set on a playa surface near Coaldale, Nevada:. Air temperature 5 feet above
the playa surface ranged from sbout lhoc at night to 3800 in the daytime,
Relative humidity, also measured at an altitude of 5 feet was extremely low,
ranging from approximately O in the daytime to 25 percent at night. Total
daily evaporation averaged about O.t inch, but-evaporation from the open pan

between midnight and 6 a.m. totalled less than 0.05 inch.

.2k



In view c¢f the very low pre-dawn évaperation from an open water
surface in the extremely dry atmosphere of the Nevada playa, it secms
doubtful that the radiative anomaly of figure 8; where surface moisture
con;ent was at most a few percent, was a product of evaporative cooling.
In addition, the efféct of high soil moisture on thermal inertia would

act to inhibit nocturnal cooling, and, in the absence of signifi

O

ant

P

evaporativé cooling, moist soils might be warmer than dry soils in the
pre-dawn hours. It seems most like}y that the radiative anomalies of
figures 7 and 8 are predominantly responses to microclimatic effects
created by prefgrential accumulation of cold air.

Conclusions

. -

Tonal densities in this thermal infrared imagery may reflect in part

.

the. spescific graviﬁies.of surficial materials. Surficial materials witl
ééla;ively high specific gravities tend to be bright in the pre-dawn image.
Héﬁéver, effects related to atmospheric conditions, topographic setting,

and vegetation may also produce marked anomalies in the imagery. Futhefmore,
even in the relatively well exposed geology of the Caliente and Temblor
Ranges, the imagery was largely controlled by properties of soil - not
bedrock. Lithologic inferences based on qualitative comparisons of
radiation from soils, with the radiation complexly modified by topographic,

atmospheric, and vegetative effects, are difficult.



The. pra-dawn imagsry shows many geologic features such as outcerop
' patterns and faults tﬁft are also discernible in aerial photographs.
Because of the potential of infrared imagery to display microclimatic
anomalies, it might be a valuable adjunct to other types of imagery in
mapping geologic features such as recently active faults that have very
subtle topographic expréssion. B

It haé been suggested that anomalously weak pre-dawn radiation
might indicate soil moisture conceﬁtratioms related to shallow ground
water in low areas betweén landslide lobes or inh areas where faults might

act as barriers to groundwater (Wallace and Moxham, 1966, 1967; Sabins,

- 1967, p. 745). Two anomalies of this type were investigated and may have

- -~

been produced largely, if not entirely, by demsity stratification of air.
Post-sunrise imagery shows the strong influence of solar warming -
of surfaces exposed to the sun. Topography is the dominant contrcl of

tonal densities in the image, which resembles a low sun angle photograph,
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